The clinical and electrocardiographic features of ii patients with ventricular parasystole in acute myocardial infarction are described. This arrhythmia always appeared within the first 24 hours after the beginning of the pain, and lasted usually a few hours. Only one patient received digitalis before the appearance of the arrhythmia; the others did not receive any drug of known arrhythmic potential. The treatment was mainly with lignocaine intravenously, the response to which was usually very good.
Parasystole is a rare arrhythmia in which an automatic ectopic centre, usually situated in the ventricles, forms rhythmic stimuli without being disturbed by the sinus rhythm. These stimuli produce a ventricular contraction whenever they arise outside the refractory phase of the ventricles (Scherf and Boyd, I950) . Because of interference between sinus and automatic rhythms, some automatic stimuli are formed just when a sinus stimulus spreads over the ventricles. In this instance, one part of the ventricles will be activated by the sinus stimulus and another by the automatic stimulus. In this way, fusion beats appear in the electrocardiogram (Malinow and Langendorf, I948; Marriott, Schwartz, and Bix, I962) . Normally the excitation wave spreading over the heart depolarizes every cell and prevents all potential centres from forming stimuli; the so-called secondary centres in the atrioventricular node and the tertiary centres in the ventricles are silenced. In this special situation of ventricular parasystole, the centre in the ventricle wall is not disturbed by the conducted stimulus (Scherf and Chick, I95'). pearance of ventricular premature beats. Contrary to the common variety of premature beats, their coupling with the preceding sinus beats varies widely (Scherf, Blumenfeld, and Yildiz, I962) . The presence of an autonomous ectopic rhythm, different in rate from that of the dominant pacemaker, must be demonstrated. This is done when the intervals separating ectopic beats can be reduced to a least common denominator corresponding to the cycle length of the parasystolic ectopic rhythm (Pick, I953) . The three cardinal signs of parasystole are: (i) presence of variable coupling; (2) presence of fusion beats; and (3) the periods free from ectopic beats, which are filled by sinus beats, have the length of a simple multiple of one ectopic cycle length (Scherf and Chick, I95I; Sura- wicz and MacDonald, I964; Schamroth,  1962; East and Bain, 1959) .
The mechanism by which one rhythmic centre is protected from the impulses of others has been a matter of speculation. The idea of an area of unidirectional block surrounding an ectopic focus has been proposed (Katz, I946; Vedoya and Rodriguez Battini, I939) . Experiments in animals show that a rapidly firing centre is protected from the normal impulses which spread over the heart, and, thus, the hypothesis of entrance (protection) Only one patient received digitalis before the appearance of the arrhythmia. The rest of them did not receive any drug of known arrhythmic potential, and only analgesics to relieve the pain (morphine or heroin). The patient who received digitalis had the longest duration of parasystole (io days).
To treat parasystole, lignocaine was administered to 7 patients (5o mg. stat. intravenously followed by I-2 mg./min. intravenous infusion), procainamide to 2 patients (500 mg. 6-8 hourly orally), lignocaine and procainamide to i patient, and atropine to i patient (o-6 mg. subcutaneous injection 6 hourly). Lignocaine produced no sideeffects in these patients.
Before the appearance of ventricular parasystole, 3 patients were in normal sinus rhythm, 7 were in sinus tachycardia, and one was in sinus bradycardia. After ventricular parasystole disappeared 9 patients were in normal sinus rhythm, one was in sinus tachycardia, and another (Case i) had a transient episode of atrial fibrillation lasting for about 4 hours, which reverted to sinus rhythm with digitalis; this atrial fibrillation appeared I2 hours after the ventricular parasystole had disappeared. (right bundle-branch block in these 2 patients, with acute antero-septal infarction ( Fig. i and i) ). The QT interval oscillated between 0-30 and 0-42 sec.
Fusion beats
The presence of fusion beats is undeniably helpful in drawing attention to the possibility of parasystole, because they indicate an ectopic ventricular discharge that is not coupled to the preceding beat. The criteria followed for the diagnosis of ventricular fusion beats was that described by Marriott et al. (i962) . Fusion beats were present in cases. They were absent in one patient (Case 5) with intermittent parasystole (see Fig. 4 ).
The PJ interval varied from oi6 to 0-24 sec.; in all of these the shorter PJ interval measured was never shorter than the PR interval of the sinus beat, an important point in the diagnosis of ventricular fuision beats (Marriott et al., 1962) .
Parasystolic beats
Variable coupling (more than o-o8 sec.) was found in 9 patients. Two patients with fixed coupling corresponded to 2 with intermittent parasystole, where the first parasystolic beat was always coupled to the preceding sinus beat (Fig. 3 and 4) . The shorter coupling varied between 0-32 and o-68 sec. The shorter coupling was always longer than the QT interval. The longer coupling was present in Case 3 (o-6o sec.; a case of intermittent parasystole (Fig. 3) ), and Cases 7 and i i (o-6o sec. and o-68 sec., respectively); in these 2 patients, the rates of the sinus node and of the parasystolic focus were close (see Fig. 6 ). (Fig. 2) , the only case in which significant variation in the manifest cycle length occurred, a 2:I exit block was very likely (see Discussion).
Discussion
Two rhythmic and -completely independent pacemakers operating at different rates can be seen to be in competition for the activation of the ventricles or of the atria. Such a condition is termed parasystole (Pick, I953) . In ventricular parasystole, one of the pacemakers is situated in the ventricles, below the bifurcation of the bundle of His, and the other one is usually the sinus node. Parasystole is found in 0o04 per cent of routine electrocardiograms obtained in a general hospital (Scherf and Boyd, I950). Katz and Pick (I956) found 153 instances among 50,000 cases, that is an incidence of 0o3 per cent. The incidence of I-7 per cent in these patients with acute myocardial infarction is far more frequent than that found in routine electrocardiographic examination. Though ventricular parasystole has occasionally been described in normal people (Heinz and Eldridge, I957), it is usually associated with organic heart disease (Schamroth, I962). In 49 cases reported by Scherf and Schott (I953), 38 had evidence of pronounced cardiovascular disease. Double ventricular parasystole has been described in patients with serious heart disease (Chung, Walsh, and Massie, I964), but none was found in this series.
This arrhythmia usually appeared during the first few hours after the start of the pain (average I0 hours), and always within the first 24 hours. Seven patients were treated with lignocaine, 2 with procainamide, I had a combination of both drugs, and I with sinus bradycardia had atropine. The response to treatment was apparently good; the arrhythmia was controlled in 6 patients within 17 hours, in 3 within 3 days, in I in 31 days, and~~~~~~~~~~~~~~~~~~~~~~~~~. It is generally accepted that low serum potassium levels predispose to ectopic beats; in these conditions, the resting membrane potential is augmented, and the duration of the action potential is increased because of the lengthening of phase 3; phase 2 is shortened (Friedberg, I966). Only one patient (Case 3) had low plasma potassium levels, and remained with abnormally low levels after the disappearance of ventricular parasystole; the other IO patients had normal levels of plasma potassium. It seems that there is no relation between ventricular parasystole in acute myocardial infarction and plasma potassium levels.
We also tried to find out if there was any relation between ventricular parasystole and the amount of myocardium damaged, assuming there is a relation between the serum The artificial pacemaker has been compared to a physiological ventricular parasystolic focus (Burchell, I963) . In studies with surgically implanted myocardial pacemakers, the impulse from the pacemaker began to produce a response just after the peak of the T wave. Studies in 2 patients with an implanted pacemaker showed that the supernormal period started at about the middle of the terminal slope of the T wave and ended shortly beyond the peak of the U wave (Walker, I966) . The shorter coupling of the parasystolic focus in this series always corresponds to this supernormal period of excitability. No one case had a coupling in the relative refractory period.
Retrograde conduction of the parasystolic beat to the atria has been shown by the occurrence of sharply inverted P waves after the parasystolic beat (Scherf and Schott, I953) , and a ventricular echo initiated by a parasystolic beat (Pick, I953) . No evidence of retrograde activation of the atria was seen after artificially induced parasystole in man produced by a surgically implanted pacemaker (Nuniez-Dey, Zalter, and Eisenberg, I962). In Case 5 (Fig. 4) retrograde conduction occurred and temporarily depressed the discharge rate of the sinus node (concealed conduction).
The interectopic interval was always exactly or a very close multiple of the ectopic cycle length in all the cases in which this ectopic cycle length was seen. Regularity of discharge of the ectopic pacemaker is the accepted cardinal sign of parasystole. But the abnormal parasystolic focus may work arrhythmically owing to a change of nerve tonus or conduction delay from their focus to the ventricles (Scherf and Boyd, I950; Pick, 1953) , or because of a temporary release of an exit block which had kept many impulses con- fined exclusively to the immediate region of the parasystolic pacemaker (Pick, I953) . In Case 2 (Fig. 2) , there is no manifest ectopic cycle length. The shorter interectopic interval is always about I '40 sec., and the longest interectopic interval is a close multiple of this. But sometimes an interectopic interval is longer than I -4o sec., and not a multiple of this (leads II and aVF); in those interectopic intervals, the P wave precedes the second parasystolic beat at os56 sec. It is possible that this parasystolic focus is firing with a 2:I exit block, and sometimes the normal stimulus spreading over the heart breaks into the ectopic centre during its supernormal phase of excitability (this temporarily abolishes the 'protective block'), delaying its stimulus formation for a few hundredths of a second (Scherf and Chick, i95i; Pick, I953) ; this would explain the close correlation between the second ectopic beat in this interectopic interval and the preceding P wave.
The transition from parasystole into an extrasystolic arrhythmia has been seen on (Schamroth and Marriott, I963) . None of our patients has had this transition from parasystolic to extrasystolic arrhythmia. In 2 patients (Case i, Fig. i , and Case 9, Fig. 5 ) an intermittent trigeminy and bigeminy respectively appear, but this is only a coincidence, and is produced by a simple mathematical relation between the discharge rate of the sinus node and the parasystolic focus (Langendorf and Pick, I955 (Fig. 3) , the first parasystolic beat appeared late in diastole, when the next sinus beat was due; then the ectopic centre temporarily experienced a change of excitability so that it was not affected by sinus stimuli; it became protectively blocked and this led to an independent stimulus formation in this centre. Why it is that extrasystoles appearing only very late in diastole induce this mechanism is difficult to explain (Scherf and Boyd, I950). In Case 5 (Fig. 4) , the first parasystolic beat always appeared during the supernormal phase of excitability of the preceding sinus beat, and after a few beats it was blocked; this was probably because the stimuli from the ectopic centre were not strong enough to spread '.
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